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Overview 
 
 
Since the industrial revolution human activities have modified the climate and 
the weather; for instance, creating the heat island effect due to urbanization, or 
increasing cloud cover. Particularly, exhausts for airplanes have increased the 
cloud cover, especially in the Northern Hemisphere where the majority of 
commercial aviation occurs.  
 
Depending on the atmospheric conditions at cruise level, emissions from 
airplanes can condensate and/or depose producing clouds, which can stay for 
several hours. These clouds are called contrails.  
 
Following Mazon et al (2012) the Catalan Meteorological Service, included in 
their regular observations during the last three years the appearance of 
anthropoclouds (clouds produced by human activities). These observations are 
the first attempt of having a direct quantification of the influence of aviation on 
cloud cover in Catalonia without using models or satellite observations.  
 
The goal of the project is to quantify the percentage of anthropoclouds over the 
total cloud cover and to infer any evolution based on air traffic management. 
Additionally, contrail observations will be related to weather conditions in the 
upper and middle to troposphere to study which synoptic conditions favor the 
appearance of contrails in Catalonia, in order to investigate whether contrail’s 
formation and evolution can be forecasted. 
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Chapter 1. Introduction 
 
1.1. Clouds classification  
 
The observation of clouds and other weather phenomena started with Greek 
philosophers around 340 BC [1]. Their meteoros (Greek for “study of the things 
in the air”) was the predecessor to the meteorology that is known nowadays. 
 
At its beginnings, meteorology was the observation of the changes in the weather. 
It wasn’t until 15th century, when physics laws started to flourish, when 
meteorology became a more active science, creating models of the weather that 
allowed a more precise description of the changes in the sky.  
 
However, even with meteorology progresses, an official cloud classification was 
not approved by International Meteorological Conference until 1891 [2]. This 
cloud classification was created by Luke Howard in 1804 [2] and nowadays is 
used to identify the clouds observed. Only two factors of cloud characteristics are 
used in this classification: its height and its appearance. 
 
 
Table 1. Classification of clouds by height level and appearance [3][4]. 
 
 Stratiform Cirriform Stratucumuliform Cumuliform Cumulinimbiform 
High-
level 
Cirrostratus 
(Cs) 
Cirrus 
(Ci) 
Cirrocumulus (Cc) - - 
Mid-level Altostratus (As) - Altocumulus (Ac) - - 
Low-
level 
Stratus (St) - 
Stratocumulus 
(Sc) 
Cumulus (Cu) 
- 
Multi-
level or 
vertical 
Nimbostratus 
(Ns) 
- - Cumulonimbus (Cb) 
 
 
This classification was enough until a new variable was taken into account: the 
origin of the clouds. For years, clouds were caused only by natural causes 
(convection, evaporation, air fronts, volcanoes…), but during the last century, 
emissions at different levels have generated their “own” clouds. 
 
Therefore, a new classification might be needed to determine the origin of the 
clouds observed and to analyze the influence of these anthropic clouds in the 
Earth-Atmosphere system. That’s when the concept of anthropoclouds was first 
conceived, as a way to differentiate the clouds generated by human action.  
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1.2. The concept of anthropoclouds 
 
Clouds generated by human action can appear due to different activities. Low 
level clouds may have their origins in air moving upwards from chimneys at 
factories or air humidification from combustion. In a more indirect way, pollutant 
emissions and aerosol activation may generate low level clouds too [5]. High level 
clouds are produced basically by aircraft condensation trails, or contrails, which 
directly and indirectly create clouds that affect the Earth energy budget [6]. 
 
In order to separate the clouds classified in Table 1 to those clouds with a human 
origin, a new classification has to be made. This new classification would make it 
easier for observers to identify and indicate the kind of clouds they were 
observing, and also would give a more detailed information regarding the origins 
of the clouds observed. 
 
Since clouds caused by fire where already identified using the prefix pyro-, the 
prefix anthropo- was proposed to identify those created by human action [5] (see 
Table 2). 
 
 
Table 2. Classification of clouds: natural classification (left) and cloud origin 
designating classification (right). [5] 
 
 Clouds classification 
Human generated  
clouds classification 
High-level 
Cirrocumulus (Cc) Anthropocirrocumulus (aCc) 
Cirrus (Ci) Anthropocirrus (aCi) 
Cirrostratus (Cs) Anthropocirrostratus (aCs) 
Mid-level  Altocumulus (Ac) Anthropoaltocumulus (aAc) 
Low-level 
Stratus (St) Anthropostratus (aSt) 
Cumulus (Cu) Anthropocumulus (aCu) 
Stratocumulus (Sc) Anthropostratocumulus (aSc) 
Cumulonimbus (Cb) Anthropocumulonimbus (aCb) 
 
 
With this simple change the information about the origin of the clouds, whether if 
it’s natural or human generated is easily reported and therefore can be tracked in 
order to study the impact of these clouds on the sky. 
 
 
1.3. Anthropoclouds origin 
 
Anthropoclouds are created due to human action, but there are many actions that 
can trigger the formation of these clouds. These actions, can be classified 
depending on the kind of clouds they create.  
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1.3.1. High-level anthropoclouds 
 
Almost all of the high clouds generated by human action are due to aircraft’s 
injection of water vapor on cruise levels.  
 
 
 
 
Figure 1. High-level anthropoclouds observed in Barcelona in September 2011 
[5]. 
 
 
Anthropocirrocumulus (aCc) is the most frequent of the high-level clouds caused 
by contrails, but anthropocirrus (aCi) and anthropocirrostratus (aCs) may be 
formed from them too if these initial aCc are aligned or spread out respectively. 
Fig. 1 shows these three kinds of anthropoclouds (aCc, aCi and aCs). 
 
 
1.3.2. Mid-level anthropoclouds 
 
Human activity at these levels is really low, and since is very unlikely to have an 
influence on multi-level clouds (as nimbostratus) that may reach these levels, it 
can be said that mid-level anthropoclouds almost do not exist except if low-level 
contrails are identified as anthopoaltocumulus (aAc) rather than 
anthropocirrocumulus or anthropocirrus. 
 
 
1.3.3. Low-level anthropoclouds 
 
Low level anthropoclouds are the most likely to be formed, especially 
anthropocumulus (aCu) and anthropostratocumulus (aSc). These clouds can be 
generated by the emissions of industrial areas that release thermal energy with 
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moisture to cold unstable air. Fig. 2 shows an aSc and aCu generated by an 
industrial area and a geothermal plant respectively. 
 
 
    
 
Figure 2. On the left, aSc observed in Berlin (Germany) on 12 October 2010. On 
the right, aCu observed at Nesjavellir (Iceland) on 11 August 2009 [5]. 
 
 
Anthropostratus (aSt) clouds occur in areas with large emissions of condensation 
nuclei from combustion, areas with high density industry and population (traffic). 
These clouds are formed when there is enough moisture, like in metropolitan 
areas near water sources on hot humid summer days. 
 
Fig. 3 shows an aSt formed in a stable atmosphere, the small convective cloud 
initiated by a milk treatment factory was horizontally extended by a breeze. It is 
clear that it is produced by the factory at the lower right of the picture because 
there are no other clouds surround it. 
 
 
Introduction                                                                                                                                                                          5 
 
 
 
Figure 3. aSt observed near Barcelona on December 2010 [5] 
 
 
1.4 Anthropoclouds impact on the atmosphere 
 
Solar energy is the primary power source of energy on Earth. Radiation emitted 
by the Sun, mainly in the visible part of the spectrum, is partially reflected or 
absorbed by the atmosphere but around 50% of it reaches the Earth surface. 
Then the Earth itself emits mainly infrared radiation upwards that is mainly 
absorbed by the atmosphere. The equilibrium between the energy received and 
emitted by the earth is called earth-atmosphere energy balance. 
 
 
 
 
Figure 4. Energy balance diagram.[7] 
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As illustrated in Fig. 4, the Earth releases into space the same amount of energy 
that it receives from the sun (energy lost at surface is equal to energy gained at 
surface). If this did not occur, the atmosphere would warm or cool. 
 
Clouds play an important part in this energy balance. Clouds reflect, absorb and 
emit radiation. Radiation from the sun is reflected, and radiation from the earth is 
absorbed and emitted by the clouds. High level clouds, usually thin clouds, reflect 
part of the energy of the Sun but they aren’t very efficient in absorbing infrared 
radiation emitted by the Earth. On the contrary low level clouds, usually thicker 
clouds, reflect incoming sunlight, but also absorb radiation emitted by the Earth 
and emit it upwards and downwards.  
 
Therefore, an increase of clouds may break the energy balance, and the 
atmosphere temperature would warm or cool, depending on the effects caused 
by the clouds. Either if it warms or if it cools, global climate could change and 
would involve increased or decreased precipitation, droughts and other weather 
phenomena.  
 
 
1.5. Contrails: anthropoclouds generated by aircrafts 
 
Among the anthropoclouds, the most common and usually studied are the ones 
created by aircraft: condensation trails, or contrails are the most predominant kind 
of anthropocloud and the ones that leave a major impact on the Earth’s energy 
budget. 
 
Contrails are clouds generated when a mixture of warm, unsaturated, engine 
exhaust gases mix with cold ambient air and reach saturation with respect to 
water. Then, liquid drops form that quickly freeze, creating this condensation trails 
[8]. In order to develop and spread contrails, the atmosphere has to reach certain 
values: the temperature should be lower than 230 K and the relative humidity 
respect to the ice higher than 70% [8].  
 
This phenomenon attracted public attention during World War II, but it wasn’t until 
1969 and 1970 when it was first introduced the idea of contrails influencing the 
weather [6] and the earth’s radiation budget. The first study that analyzed the 
conditions for contrail formation was published on 1996 [9]. 
 
Ice clouds in the upper troposphere cover about a 20-30% of the global surface 
and have a significant impact on climate [10]. Airplanes contribute to the cloud 
formation directly with the contrails and indirectly with the particles they leave in 
the atmosphere. Their contribution to the troposphere cover is of 0.5%, which 
modifies the Earth’s energy budget for 0.2-0.3ºC each decade [11]. 
 
Therefore, the importance to determine the conditions at which contrails are 
generated and to implement a method to forecast these scenarios, in order to 
avoid (as far as possible) the generation of these clouds 
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Chapter 2. Methodology 
 
The data analyzed in this project was obtained from six different stations of the 
Servei Meteorològic de Catalunya (see Table 3 and Fig. 5).  
 
Table 3. List of stations analyzed. [12] 
 
Obs. 
Code 
Station’s name Township Province Altitude Coordinates 
BN007 
Fabra 
(Barcelona) 
Barcelonès Barcelona 410 m 
Lat. 41.41689 
Lon. 2.123727 
AE059 Espolla Alt Empordà Girona 100 m 
Lat. 42.389865 
Lon. 3.006099 
BC040 
La Selva del 
Camp 
El Baix Camp Tarragona 257 m 
Lat. 41.211082 
Lon. 1.132431 
GX017 La Vall de Bianya La Garrotxa Girona 436 m 
Lat. 42.232513 
Lon. 2.411542 
BA039 Manresa Bages Barcelona 291 m 
Lat. 41.719886 
Lon. 1.840269 
RE033 La Palma d’Ebre Riera d’Ebre Tarragona 335 m 
Lat. 41.283642 
Lon. 0.667075 
 
 
 
 
Figure 5. Map with location of the stations analyzed (source: www.icgc.cat). 
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The observers at each station collected the data differently, some of them added 
notes regarding the possible origin of the clouds while others only reported the 
number of oktas1 visible per day. 
 
This chapter will focus on explain the main differences found on the data, and the 
way it was processed in order to obtain the results.  
 
 
2.1. Collection of data 
 
All stations had to report the number of oktas produced by anthropoclouds seen 
each day for a period of 2 years. This report was made using excel templates for 
each month of the year, see an example in Fig. 6.  
 
 
 
Figure 6. Excel template used by the stations to report the observation of 
anthropoclouds. 
 
 
This template had to be filled with the information about the observation (code of 
the station, code of observation point, station name and location, month and year 
                                            
1 An okta is a measurement unit which provides the amount of cloud cover in a 
location, in this case the corresponding station. Cloud cover is estimated in terms 
of how many eighths of the sky are covered by clouds. Therefore, 0 oktas means 
sky clear and 8 oktas is a completely overcast sky. 
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of the observation), the kind of clouds observed (the ones listed on Table 2 in 
chapter 1) and commentaries (if necessary).  
 
As can be seen in Table 4, only two stations reported the totality of data between 
2015 and 2016, while others reported less than one year due to unknown causes. 
 
 
Table 4. Data received from each station per month. Grey tiles symbolize a month 
with data and white tiles, no data received. 
 Fabra Espolla 
La Selva 
del 
Camp 
La Vall 
de 
Bianya 
Manresa 
La 
Palma 
d'Ebre 
2014 November x           
December x x         
2015 January x x x       
February x x x       
March x x x   x   
April x x x   x x 
May x x x x x x 
June x x x x x x 
July x x x x   x 
August x x x     x 
September x x x x   x 
October x x x x   x 
November x x x x x   
December x x x x x x 
2016 January x x x   x x 
February x x x   x x 
March x x x   x x 
April x x x   x x 
May x x x   x   
June x x x   x   
July x x x       
August x x x       
September x x x   x   
October x x x   x   
November x x x   x   
December x   x   x   
Total Reported 
(2015-2016) 
100 % 95.83 % 100 % 29.17 % 66.67 % 50 % 
 
 
Data from all stations had to be evaluated month by month in order to check if 
the data from all months was received and correctly reported. 
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During this first check, La Selva del Camp data was found incorrectly reported. 
Instead of writing the number of oktas per type of cloud, an “x” was written to 
identify the kind of clouds observed, along with the total number of oktas. 
 
On the other hand, despite it wasn’t demanded, the observer at La Selva del 
Camp commented about the origin and development of the clouds observed 
precisely and well explained. This allows a more concrete knowledge of the 
creation and evolution of the clouds in this station, which can be useful to 
determine the causes of the anthropoclouds.  
 
Along with the coverage of clouds caused by anthropoclouds, the observers had 
to report the total coverage, including anthropoclouds and natural clouds. 
 
Since this task has been performed for many years before the observers of 
anthropoclouds started, all stations provided all the data for total coverage of 
clouds for both years (2015 and 2016) without any trouble.  
 
 
2.2. Information extracted from the data 
  
For each one of the months reported by the stations, the following information 
has been obtained: 
 
 Number of oktas (per day) for each kind of the anthropoclouds observed. 
 
 Number of oktas (per day) of the total anthropoclouds observed. 
 
 Number of oktas (per day) of the total clouds observed (anthropoclouds + 
natural clouds) 
 
 Comments about generation, spreading or other remarks made by the 
stations. 
 
The aim is to search for a pattern, look out for a periodicity on the data obtained 
to know if there are any factors (climatic or human) that may favor the generation 
of anthropoclouds.  
 
Therefore, from the aforementioned data obtained from the stations, the following 
information was extracted for each station: 
 
 Type of anthropocloud more reported and with higher oktas per month 
 
 Ratio comparing the amount of anthropoclouds vs natural clouds per 
month, season and year. 
 
 Peak values of oktas due anthropoclouds per month 
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Chapter 3. Results 
 
 
In this chapter the results of the analysis of the data obtained from the different 
stations are presented. 
 
 
3.1. Global results 
 
3.1.1. Anthropoclouds analysis 
 
 
 
Figure 7. Number of times each kind of anthropocloud has been 
reported/observed (left) and the maximum value of oktas every kind of cloud has 
reached (right) during the observed period. 
 
 
The global results of the data analyzed show an abundance of high clouds 
reported, specifically anthropocirrus (see Fig. 7). 
 
As explained in Section 1.3.1, anthropocirrus are the result of contrails that are 
aligned. Over Catalonia there are a large number of airways, see Fig. 8. Those 
are used by planes flying routes that communicate North-Europe to Spain, 
specifically the Balearic Islands.  
 
The combination of large amounts of aircraft flying in the zone with the proper 
atmospheric conditions are the cause of this peak in the high level clouds in the 
global analysis, as can be observed in Fig. 7, where the most reported clouds are 
anthropocirrus. 
 
To explain the observation of low-level anthropoclouds we need a more local 
analysis because this kind of clouds may be generated by different phenomena 
(industrial complexes, burning of scrub, geothermal plants…). 
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Figure 8. En-Route high-level airways over Catalonia. (Source: www.enaire.es) 
 
 
3.1.2. Anthropoclouds and natural clouds comparison 
 
In addition to the reports of anthropoclouds, the total coverage of clouds has been 
reported too. Both natural and anthropo-clouds are included in the total value of 
oktas of the day and this information is useful to see how much weight have the 
anthropoclouds on the total cloud cover. 
 
A ratio between the oktas of anthropoclouds and natural clouds gives a glimpse 
of the weight of the anthropoclouds and helps to identify the areas where more 
anthropoclouds are formed. 
 
In Fig. 9 and 10 there are the results of the ratios for 2015 and 2016 respectively. 
The ratio was not calculated for 2014 due to the lack of data to compare. Stations 
of La Vall de Bianya, Manresa and La Palma del Camp were excluded for the 
same reason in years 2015 and 2016.  
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Figure 9. Graphic representation of the ratio between oktas covered by 
anthropoclouds and by all types of cloud at the different stations during 2015. 
(Source: www.icgc.cat) 
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Figure 10. Graphic representation of the ratio between oktas covered by 
anthropoclouds and by all types of clouds at the different stations during 2016. 
(Source: www.icgc.cat) 
 
 
There is a decrease of the ratio in Espolla and la Selva stations from 2015 to 
2016. This happens due to an increase of the average cover of clouds combined 
with a decrease of the average anthropoclouds cover. 
 
On the other hand, Obervatory Fabra ratio increases due to a decrease of the 
average cover of clouds combined with an increase of the average 
anthropoclouds cover. 
 
Assuming most of the anthropoclouds reported on those stations are high level 
(contrails), and that aircraft operations increase each year, a possible reason for 
the decrease of the average anthropoclouds cover in Espolla and la Selva is a 
significant change on the average temperature and humidity conditions at high 
level.  
 
Taking into account that, the atmosphere conditions between the stations at high 
levels should not differ much from each other; if that was the reason, a decrease 
should have been reported in Fabra too.  
 
If atmosphere conditions do not change, then another possibility for these ratio 
changes are a modification of the routes crossing Catalonia. 
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Modification of the aircraft routes might explain why there are these opposite 
changes in ratios. Maybe some of the traffic coming from UK or other northern 
regions with destination on the Balearic Islands was flying over Espolla on 2015 
and started flying over Barcelona on 2016. 
 
These changes could not be the only reason for these variation of the ratios, since 
the magnitude of the changes between the stations are not the same, but could 
be one of the reasons why it happens. 
 
In the following sections the data for each of station is analyzed separately. 
 
 
3.2. BN007: Fabra (Barcelona) 
 
Fabra is one of the stations that provided 100% data for years 2015 and 2016, 
and also provided November and December months of 2014. 
 
 
3.2.1. Anthropocloud analysis 
 
At the Fabra station, the most observed clouds are those generated at high levels 
(see Fig. 11). Anthropocirrocumulus are the most frequent kind, followed by 
anthropocirrus. Those same clouds are the ones with higher peak values of oktas 
for this station. 
 
 
 
 
Figure 11. Number of times each kind of anthropocloud has been 
reported/observed (left) and the maximum value of oktas every kind of cloud has 
reached (right) at Fabra. 
 
 
It can be assumed that this kind of clouds appear most frequently in this area due 
to the high density of air traffic that can occur in this region, as can be seen in 
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Fig. 12, which combined with the appropriate meteorological parameters, may 
foster the generation of high level clouds. 
 
 
 
 
Figure 12. EnRoute charts for high level airways in Barcelona area (source: 
www.enaire.es). 
 
 
Regarding the few low-level clouds that are reported on Fabra’s observations, 
there is a brief comment regarding its origin. On an observation of 
anthropostratus on March 13th it is noted “little stratus over Barcelona port”.  
Therefore, the stratus reported may have an origin on the emissions of the ships 
docked on Barcelona’s port, which has a big maritime activity. 
 
 
3.2.2. Anthropoclouds and natural clouds comparison 
 
Fig. 13 and 14 show the ratios between oktas covered by anthropoclouds and 
total clouds reported for each month and for each season, along with the average 
amount of oktas for each anthropoclouds and total clouds reported. 
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Figure 13. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per month at Fabra. 
 
 
 
Figure 14. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per season at Fabra. 
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In both graphs cannot be appreciated any kind of pattern, only a decrease of the 
ratio in October and autumn. In the monthly graph can be appreciated that both 
months have close to zero reports of anthropoclouds, which cause the decrease 
of the value of the ratio. 
 
 
3.3. AE059: Espolla 
 
Espolla’s station, located at Girona province, is one of the stations that provided 
more data for years 2015 and 2016, a 95.83% and also provided data from 
December of 2014. 
 
This station is the third most complete, only behind Barcelona and La Selva which 
provided 100% of the information. The only month missing on this station data 
base is December of 2016. 
 
 
3.3.1. Anthropocloud analysis 
 
In Espolla station, the most observed clouds are anthropocirrus (see Fig. 15). 
This kind of clouds are generated at high levels of altitude, like 
anthropocirrocumulus and Anthropocirrostratus, which are the only other clouds 
reported.  
Anthropocirrus are also the clouds with a higher peak value of oktas for this 
station. 
 
 
 
 
Figure 15. Number of times each kind of cloud has been reported/observed (left) 
and the maximum value of oktas every kind of cloud has reached (right) at 
Espolla.  
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3.3.2. Anthropoclouds and natural clouds comparison 
 
Fig. 16 and 17 show the ratios between total clouds reported vs anthropoclouds 
reported for each month and for each season, along with the average amount of 
oktas for each anthropoclouds and total clouds reported. 
 
 
 
Figure 16. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per month at Espolla. 
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Figure 17. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per season at Espolla. 
 
In both graphs can be appreciated that there is an increase of the ratio in summer 
season, during June-July of both years. This could be caused due to a peak of 
aircraft movement during this season that increases the generation of 
anthropoclouds. 
 
 
3.4. BC040: La Selva del Camp 
 
La Selva del Camp’s station is one of the stations that provided 100% data for 
years 2015 and 2016, along with Fabra station.  
 
The information provide is not totally complete since the number of oktas per kind 
of cloud was not reported, but it is the station with most and more detailed 
comments. 
 
 
3.4.1. Anthropocloud analysis 
 
In La Selva del Camp station, the most observed clouds are anthropocirrus, 
followed by anthropocumulus (see Fig. 18). This station is the only one with a 
significant amount of low-level anthropoclouds. We can assume that this kind of 
clouds appear due to key factors: Air traffic and emissions from an industrial area. 
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Figure 18. Number of times each kind of cloud has been reported/observed 
during the observation period at La Selva del Camp. 
 
 
High level clouds may have their origins due to the air traffic in this area, while 
low level clouds may be generated by the emissions of Tarragona’s 
petrochemical complex. 
 
The detailed comments made by the observer confirm the aforementioned 
speculations. On days were low level anthropoclouds appear, there are reports 
where is specified that these clouds had been generated by the petrochemical 
complex. Also, there are some entries referring to the burning of scrub in nearby 
areas. The high-level clouds are due airplanes contrails that develop into 
anthropocirrus, stratus or cumulus depending on the atmospheric conditions. 
 
 
3.4.2. Anthropoclouds and natural clouds comparison 
 
Fig. 19 and 20 show the ratios between total clouds reported vs anthropoclouds 
reported for each month and for each season, along with the average amount of 
oktas for each anthropoclouds and total clouds reported. 
 
22                                                 Contrails distribution and variation in Catalonia during the last three years (2014 – 2016)  
 
 
Figure 19. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per month at La Selva del Camp. 
 
 
 
Figure 20. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per season at La Selva del Camp. 
Results                                                                                                                                                                              23 
 
In both graphs cannot be appreciated any kind of pattern, it is almost like if both 
years are completely opposite. During 2015 spring and summer, there is an 
increase of the ratio between clouds, but during the same seasons of 2016 there 
is a decrease.  
 
 
3.5. GX017: La Vall de Bianya 
 
La Vall de Bianya’s station is the station that provided less data for years 2015 
and 2016, with only a 29.17% of data reported. This data corresponds to June, 
July, September, October, November and December of 2015. Due to this lack of 
data, the graphics of La Vall de Bianya have not been added, because the visual 
information they provide is not relevant. 
 
 
3.5.1. Anthropocloud analysis 
 
In this station, the only observed clouds are anthropocirrocumulus, which were 
observed 27 times during the before mentioned period. 
 
High level clouds are usually generated by aircraft, and as per commentaries of 
the station, for months September to December it is noted that all observations 
are from contrails that developed into anthropocirrocumulus. 
 
 
3.4.2. Anthropoclouds and natural clouds comparison 
 
Fig. 21 show the ratios between total clouds reported vs anthropoclouds reported 
for each month and for each season, along with the average amount of oktas for 
each anthropoclouds and total clouds reported. 
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Figure 21. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per month (left) and season (right) at La Vall de 
Bianya. 
 
 
For this station, there isn’t enough data to determine any kind of pattern. The only 
interesting fact of this station is the high values of the ratio on September, October 
and November of 2015. These may be produced due to the high values of oktas 
per anthropoclouds reported during these months. 
 
 
3.6. BA039: Manresa  
 
Manresa’s station provided 66.67% of the data for years 2015 and 2016, being 
the forth one with more data reported. In this station, there is a lack of information 
about anthropoclouds on summer months (July and August) of both years and 
January, February, September and October of 2015. This lack of data will affect 
the results of the comparison between natural clouds and anthropoclouds (ratio 
graphics). 
 
 
3.6.1. Anthropocloud analysis 
 
In Manresa station, the only observed clouds are those generated at high levels 
of altitude (see Fig. 22). Anthropocirrocumulus are the most frequent kind, 
followed by anthropocirrus. Anthropocirrocumulus are also the clouds with higher 
peak values of oktas for this station. 
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Figure 22. Number of times each kind of anthropocloud has been 
reported/observed (left) and the maximum value of oktas every kind of cloud has 
reached (right) at Manresa. 
 
 
3.6.2. Anthropoclouds and natural clouds comparison 
 
Fig. 23 and 24 show the ratios between total clouds reported vs anthropoclouds 
reported for each month and for each season, along with the average amount of 
oktas for each anthropoclouds and total clouds reported. 
 
 
 
Figure 23. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per month at Manresa. 
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Figure 24. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per season at Manresa. 
 
Due to the lack of information about anthropoclouds on summer months (July and 
August) of both years and January, February, September and October of 2015, 
few patterns can be extracted from these graphics. For season ratio, Fig. 24, the 
data of summer 2015, autumn 2015 and summer 2016 it is not representative, 
since in these ratios there are missing data. 
 
 
3.7. RE033: La Palma d’Ebre 
 
La Palma d’Ebre’s station is one of the stations that provided less data for years 
2015 and 2016, with only a 50% reported.  
 
The months reported are: April, May, June, July, August, September, October 
and December of 2015; and January, February, March and April of 2014. 
 
 
3.7.1. Anthropocloud analysis 
 
In this station, the most commonly observed clouds are anthropocirrus, followed 
by anthropocumulus (see Fig. 25). This is a combination of high and low-level 
clouds, both of them also appear with values not higher than 1 okta. 
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Figure 25. Number of times each kind of anthropocloud has been 
reported/observed (left) and the maximum value of oktas every kind of cloud has 
reached (right) at La Palma d’Ebre. 
 
Since there are no comments written in any of the monthly reports of this station, 
the origin of these clouds can only be guessed.  
 
Low level anthropoclouds may have various origins, but the most probable are 
Ascó’s nuclear power plant emissions and burning of scrub.  
 
 
3.7.2. Anthropoclouds and natural clouds comparison 
 
Fig. 26 and 27 show the ratios between total clouds reported vs anthropoclouds 
reported for each month and for each season, along with the average amount of 
oktas for each anthropoclouds and total clouds reported. 
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Figure 26. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per month at La Palma d’Ebre. 
 
 
 
Figure 27. Evolution of the ratio between the oktas covered by anthropoclouds 
and by all the types of clouds per season at La Palma d’Ebre. 
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In both graphs can be appreciated a decreasing pattern, smother in the season 
ratios due to the aggrupation of peak months, but it can be clearly seen that the 
amount of anthropoclouds reported decreases with time.  
 
 
3.8. Detailed analysis of Fabra and Espolla observations 
 
Fabra and Espolla are the stations with the largest amount of data reported, that’s 
the motivation to analyze all the data received from both of them to see if there is 
any pattern between them. 
 
To compare both stations all daily values of anthropoclouds reported between 
2014 and 2016 where plotted (see Fig. 28 and 29). From that data, an average 
value for groups of 7 and 30 days (7 day window and 30 days window) was 
calculated in order to bring to the surface possible patterns of repetition that may 
not be visible on daily reports. Lastly, the correlation coefficient between both 
stations was calculated using equation 1, where ?̅? and ?̅? are the mean value of 
the data of each station.  
 
                                                                       (1) 
 
 
At first sight, there is no relation between the reports of Fabra and Espolla 
stations. Their correlation coefficient is 0.17, which empathize the lack of 
coincidence between them. 
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Figure 28. Total oktas reported for anthropoclouds, average oktas in 7 days 
window and 30 days window for Fabra 
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Figure 29. Total oktas reported for anthropoclouds, average oktas in 7 days 
window and 30 days window for Espolla 
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Looking at the values of oktas reported for anthropoclouds, there is a significant 
difference between them. At Fabra, most of the values reported are for 1 okta, 
with some reports of 2 oktas and few 3 oktas; while in Espolla’s station, most of 
the values reported are 2 oktas with various peaks of 3 oktas. This can be due 
to: 
 
 Aircraft flight altitude differences 
 
It has been mentioned that high-level clouds are mostly generated by 
condensation of the exhaust from aircraft engines at cruise level. In the ascending 
or descending phases, temperature and humidity present at these levels 
parameters do not allow the formation of contrails. This may be the reason of the 
decrease of oktas reported on Barcelona, since the same aircraft that may leave 
a contrail in Espolla is approaching at a very low altitude in Barcelona, leaving no 
contrail at all. 
 
Considering that in both stations there are the same atmospheric conditions and 
the temperature as only requirement for contrails to appear (230ºK), aircraft 
should be flying at FL 290 or higher [13] to have the possibility to produce 
contrails. 
 
However, in Fig. 30 it can be appreciated that during one of the STARs (Standard 
Terminal Arrival Route) used to start descending to Barcelona’s airport, the flight 
level at which would be over flied Espolla it’s not high enough to generate 
contrails, since the flight level to start the arrival route is FL250. Neither is when 
the aircraft is at point SLP (Speed Limit Point). At this point its altitude is between 
FL 130 and FL 100, both of them out of the range where contrails may generate. 
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Figure 30. STAR (Standard Terminal Arrival Route) of runway R02 north 
configuration from Barcelona El Prat airport. (Source: www.enaire.es) 
 
 
 Differences between stations’ line of sight 
 
This premise is quite simple, both stations are located at different points of 
Catalonia (Espolla is at north-east, Fabra is middle-east) and at different altitudes, 
therefore their observation of contrails is conditioned by their location. 
 
Barcelona may not be able to see the contrails produced by airplanes flying past 
the Pyrenees, in south-France. Also, most of the aircraft with destination to one 
of the close airports of Barcelona (Reus, Mallorca) will leave contrails in Espolla 
that will not be visible for Barcelona station due to the arrival procedures 
limitations of altitude. 
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3.9. Analysis of meteorological maps 
 
For the days with the highest peak values of oktas registered in each station, the 
atmospheric conditions where anthropoclouds were reported have been 
analyzed. 
 
Table 5 shows the peak values of all stations, with the days where they were 
reported and the time at which was made the observation (if available). It’s 
important to remark three values in the recorded peaks.  
 
 
Table 5. Peak values reported during the observations 
 
Station Time Date Month Year Oktas 
La Palma d’Ebre RE033 - 24 April 2015 2 
Manresa BA039 - 27 December 2016 3 
La Vall de Bianya GX017 
- 21 September 2015 6 
- 16 October 2015 6 
La Selva del Camp BC040 
8:00 17 March 2015 2 
6:10 24 
April 2015 2 
6:10 29 
7:15 12 May 2015 2 
7:20 17 November 2015 2 
5:00 23 August 2016 2 
7:00 19 October 2016 2 
Espolla AE059 7:00 26 October 2016 3 
Fabra BN007 
18:00 12 
April 2016 3 
18:00 16 
 
 
The first one is the highest value of oktas (6), reported by La Vall de Bianya in 
two different occasions. Both days are quite close to each other, and may have 
the same atmospheric conditions.  
 
Then at Fabra and La Selva del Camp stations there are two days in April where 
there were reported two peaks separated by less than 5 days. It would be 
interesting to take a closer look to those weeks where these observations 
happened in order to see the evolution of the atmosphere and the anthropoclouds 
reported. 
 
In order to analyze the atmospheric conditions on those days, two different charts 
have been analyzed: significant weather charts and wind charts.  
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Wind charts provide information regarding temperature, wind speed and wind 
direction at different flight levels that go from FL0502 to FL630 (5000 ft to 63000ft). 
In this case, charts of FL240, FL300 and FL390 are used, since high level clouds 
usually appear between 20000 ft and 40000 ft [14]. 
 
Temperature is a key factor to the formation of anthropoclouds, because the 
condensation of engine exhaust depends strongly on temperature and humidity. 
The atmosphere has to reach temperatures lower than 230 K (-43ºC) and its 
relative humidity respect to the ice higher than 70% [8]. 
 
Significant weather charts give information about cloud development, jet streams 
and turbulence. This kind of chart is used on aviation to forecast the weather 
when creating flight plans, along with METAR and TAF. 
 
 
3.9.1. La Vall de Bianya 
 
La Vall de Bianya station reported a value of 6 oktas on September 21st and 
October 16th of 2015. Both observations are of anthropocirrocumulus. 
 
On the adjacent days of September 21st there are no reports of anthropoclouds. 
The closer reports are from September 13th and 25th, with 4 and 2 oktas reported 
respectively. 
 
There aren’t reports on the adjacent days of October 16th either, the closest ones 
are from October 12th and 24th with 3 and 2 oktas reported respectively. 
 
 
Wind charts3 for September 21st show northwesterly and north-northwesterly 
winds with velocities up to 50 kt on FL between FL240 and FL390. FL300 marks 
the lowest altitude where -40ºC are reported. Therefore, contrails may be 
generated from FL300 to the troposphere, which from the significant weather 
chart4, is located at 45000 ft approximately. 
 
For October 16th, a 500 hPa geopotential height chart is analyzed (see Fig. 31). 
This chart gives an overall impression of the atmosphere conditions at 500 hPa 
and the pressure at sea level. Since high level clouds are analyzed, sea level 
pressure will be neglected. In this case, this chart shows a temperature of -20 ºC 
over Catalonia at 500 hPa, which is located at 5800 m (19000 ft approx.). It can 
be assumed that, at 38000 ft the temperature will be lower than -40 ºC, which 
matches the temperatures found on September 21st. 
 
                                            
2 A flight level is a vertical altitude at standard pressure. Assuming sea-level pressure of 1013.25 
hPa, altitude is calculated using pressure differences. This altitude may differ from altitude above 
main sea level or ground level. To convert FL to feet, the value has to be multiplied by 100. 
3 Not shown, please see Fig. 34 to 39 in appendix chapter 1.1. 
4 Not shown, please see Fig. 40 and 41 in appendix chapter 1.2 
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Figure 31. Geopotential height (color contours, in decameters) and temperature 
(grey dashed contour lines) at 500 hPa, surface pressure (white contour lines) on 
October 16th 2015 at 00:00 UTC. Source: http://www.wetterzentrale.de 
 
It’s important to note that the observation of high-level anthropoclouds may 
indicate a change of weather conditions. Natural cirrus, cirrostratus and 
cirrocumulus may appear when fronts are approaching an area. All kinds of fronts 
enhance the appearance of this kind of clouds; cold winds on upper levels of a 
cold front decrease the temperature and dissipate the clouds with vertical 
development created at lower levels, while warm fronts increase the moisture of 
the air, which may produce high clouds when overtaking cold air [14]. Therefore 
engine exhaust increases the water vapor concentration at those high levels, 
enhancing the formation of additional high-level clouds in these conditions. In 
order to check if there are significant weather changes on the surface, in this case 
will be analyzed surface weather charts.  
 
Surface weather charts give information about pressure values at surface, along 
with presence of fronts. Charts for the peak days and their two following days 
(Fig. 32 and Fig 33) show two different fronts approaching Catalonia. On 
September 21st, an occluded front approaches from the north-east. On 22nd, the 
occluded front has disappeared and a cold front approaches Catalonia. The front 
disappears on 23rd and a low pressure appears in front of the coast of Murcia.  
 
On October 16th, there is a cold front approaching Spain from the west. This front 
became an occluded front on 18th, and a low pressure appears over Catalonia. 
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Figure 32. Surface weather charts for September 21st, 22nd and 23rd at 00:00 
UTC (upper to lower panels respectively) Source: http://www.wetterzentrale.de 
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Figure 33. Surface weather charts for October 16th, 17th and 18th at 00:00 UTC 
(upper to lower panels respectively). Source: http://www.wetterzentrale.de 
Results                                                                                                                                                                              39 
3.9.2. La Selva del Camp 
 
La Selva del Camp station reported a value of 2 oktas on various days, but the 
ones that will be studied are April 24th and 29th of 2015. During these two days, 
observations of anthropocirrocumulus, anthropocirrus and anthropocirrostratus 
were reported. 
 
Between April 24th and 29th there are no reports of anthropoclouds, but instead in 
days 23rd and 30th there are reports of 1 oktas.  
For April 23rd, there were reported observations of anthropocirrus and 
anthropocirrostratus; it may be possible that those clouds didn’t disappear during 
the night and on April 24th they were combined with the anthropocirrocumulus that 
appear during that day. At April 30th were reported only anthropostratus, meaning 
that the clouds present on 29th vanished during the day. 
 
It is interesting to study these days in order to try to find a relation between the 
conditions on April 24th and 29th (were anthropoclouds were reported) and the 
differences between April 23rd and 30th, since the clouds generated in both cases 
are different. 
 
  
During April 23rd a little jetstream located over the north of Catalonia, at FL300 
with a wind speed of 90 kt is reported on significant weather chart5 at 00:00 UTC. 
It moves to the west, and at 12:00 UTC has moved to the north of Italy. This 
stream is quite visible on FL300 chart6, but not on FL240 nor FL390. On all charts6 
can be appreciated winds flowing in opposite directions over Catalonia. Those 
winds are east and west directed and have velocities between 20-60 kt at FL300, 
but at 18:00 UTC their values drop to 5kt. 
At FL300 temperatures between -43 and -49 ºC are reported, therefore at this 
levels can be formed anthropoclouds. 
 
On April 24th, there are no significant remarks on significant weather charts5. The 
temperature at FL300 chart6 is correct for the generation of anthropoclouds, since 
it is between -42 and -44 ºC.   
 
During both days, temperature conditions at FL300 were optimal for contrail 
formation, since they were below -40ºC. The most probable reason for same 
anthropocirrus and anthropocirrostratus reports on both days may be due to the 
relative humidity of the air, which has not been analyzed. The sudden drop in 
wind speed that happened at 18:00 UTC on April 23rdat FL300 may have helped, 
even when wind is not one of the key factors in contrail formation. If 
anthropoclouds were on this flight level, the stagnation of the air at night may 
have avoided the dissipation of the clouds.  
 
                                            
5 Not shown, please see figures on appendix chapter 2.2. 
6 Not shown, please see figures on appendix chapter 2.1. 
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On the other peak day, April 29th, there is a jetstream approaching from the west 
at FL350 at 18:00 UTC significant weather chart5. It can be appreciated in wind 
charts at FL3006, where wind speed increases from an average of 38 kt to 70 kt; 
the wind direction also changes from southwesterly to northwesterly. FL300 is 
also the altitude where temperatures are under -40 ºC, in this case -46 ºC aprox, 
allowing contrail formation. 
 
On April 30th, there are no significant remarks on significant weather charts5 over 
Catalonia. Since maximum temperatures of -44ºC are reported at FL300 chart6, 
anthropoclouds may appear from this altitude. 
 
The most remarkable change between April 23rd – 24th and 29th – 30th is the 
presence of jetstreams. In the first case appears a little jetstream, which 
disappears by the end of the day, leaving soft winds that may foster the stillness 
of the air and therefore avoiding dissipation of generated clouds. On the other 
hand, during April 29th, wind speed remains constant within the day and does 
change its direction. This constant movement of the air may be the reason why 
in this case the clouds were dissipated. It has to be noted that a significant factor 
has not been analyzed here: relative humidity. The introduction of this variable 
may change the possible reasons why the clouds did or didn’t stay in the 
atmosphere for more than 24h.  
 
 
3.9.3. Fabra 
 
Fabra station reported a value of 3 oktas on days April 12th and 16th of 2016 at 
18:00 UTC. Along with these values, observations of anthropocirrocumulus and 
anthropocirrus were reported in both cases. These observations and a report of 
1 oktas of anthropocirrocumulus on April 19th are the only records of 
anthropoclouds of the month. 
  
In order to compare the conditions of a day where anthropoclouds are reported 
and one where neither clouds nor anthropoclouds are reported, April 7th will be 
studied too in this subchapter. 
 
 
During April 12th there is a jetstream crossing Catalonia at FL310, it has a wind 
speed of 110kt and comes from a southwesterly direction, as can be observed in 
the significant weather charts7. As usual, temperatures between -46 and -48 ºC 
are reported at FL300 chart8, providing one of the key factors for contrails 
formation.  
 
On April 16th another jetstream is reported over Catalonia during the afternoon 
as shown in the significant weather chart7. It is located at FL320 at 12:00 UTC, 
but it moves up to FL370 at 18:00 UTC, its velocity and direction do not change 
                                            
7 Not shown, please see figures in appendix chapter 3.2. 
8 Not shown, please see figures in appendix chapter 3.1. 
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and their values are 100 kt and southwesterly respectively. Ideal temperatures 
for contrail formation are reported at FL300 chart8, where oscillate between -44 
and -48 ºC.  
 
During April 7th, a day were no anthropoclouds neither natural clouds were 
observed, there is no remarkable phenomena reported on significant weather 
chart7. As before, FL3008 delimitates the lowest level where ideal temperatures 
for anthropoclouds formation with temperatures between -39 and -50 ºC 
 
Between April 12th and 16th there are some characteristics that are repeated: 
FL300 delimiting the minimum altitude where ideal temperature for contrail 
formation is found, jetstreams over Catalonia during the day, which may foster 
aircraft circulation, since airplanes sometimes fly inside jetstreams to save time 
and fuel).  
 
During April 7th, FL300 delimits again the minimum altitude for contrail formation, 
but there are no jetstreams over Catalonia. 
 
It has to be note that maybe the difference between April 12th, 16th and 7th resides 
in the relative humidity of the air, which is the only parameter not mentioned in 
this study. 
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Chapter 4. Conclusions 
 
The goal of this project was to quantify the percentage of anthropoclouds over 
the total cloud cover over Catalonia during two years. To accomplish this goal, 
the data of 6 stations has been studied and analyzed. 
 
The information provided by the stations was crucial for the accomplishment of 
this project. The data was reported differently by every station, some of them 
provided more information than the others, and that can be seen in the individual 
analysis of each station. If the stations could provide data for all months, a more 
detailed analysis of the relation between the clouds observed along Catalonia 
could be performed between all stations. Additionally, the comments regarding 
the origin or precedence of the observed clouds were very important; they are a 
key element to determine the causes of the low-level clouds reported, since this 
kind of clouds are more difficult to classify. Even though, low-level clouds are less 
frequent than high level clouds, with high clouds being an 80% of the total 
reported clouds of this analysis. It was already known that the most common 
anthropoclouds were those product of the aircraft engine exhaust, and this data 
just reassure it. 
 
Regarding the percentage of anthropoclouds over the total cloud cover, the 
maximum value was observed at La Selva del Camp (10%). Even if it’s not a high 
value compared to monthly percentages that can go up to 20%, it is a very 
considerable amount of anthropoclouds.  
 
Only having data from two years it cannot be determined what is the tendency 
during the last years. It would be interesting to keep analyzing the observations 
of anthropoclouds to search for a pattern in the evolution of the yearly ratios 
because no significant periodic patterns have been found on monthly and 
seasonally ratio evolution.  
 
Regarding the analysis of the synoptic conditions where anthropoclouds appear, 
it is clear that some patterns are shown. However the present analysis doesn’t 
take into account condensation processes, i. e, humidity conditions at cruise 
levels. It would be interesting to introduce those parameters in the analysis to see 
the changes between various days with same peak reports. 
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Appendix 
 
In the following pages can be found the charts used in chapter 3.9. Analysis of 
meteorological maps. 
 
All the charts displayed in this appendix have been found on 
aviationwxchartsarchive.com. 
 
1. La Vall de Bianya charts 
 
1.1. Wind charts 
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Figure 34. Wind chart for FL240 valid at 00:00 UTC September 21st of 2015. 
Wind speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 35. Wind chart for FL240 valid at 12:00 UTC September 21st of 2015. 
Wind speed in knots, Temperature in ºC and unsigned unless positive. 
 
Appendix                                                                                                                                                                         47 
 
 
Figure 36. Wind chart for FL300 valid at 00:00 UTC September 21st of 2015. 
Wind speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 37. Wind chart for FL300 valid at 12:00 UTC September 21st of 2015. 
Wind speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 38. Wind chart for FL390 valid at 00:00 UTC September 21st of 2015. 
Wind speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 39. Wind chart for FL390 valid at 12:00 UTC September 21st of 2015. 
Wind speed in knots, Temperature in ºC and unsigned unless positive. 
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1.2. Significant weather charts 
 
 
 
Figure 40. Significant weather chart valid at 00:00 UTC September 21st of 2015.  
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Figure 41. Significant weather chart valid at 12:00 UTC September 21st of 2015.  
  
Appendix                                                                                                                                                                         53 
2. La Selva del Camp charts 
 
2.1. Wind charts 
 
 
 
Figure 42. Wind chart for FL240 valid at 00:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 43. Wind chart for FL240 valid at 12:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 44. Wind chart for FL240 valid at 18:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 45. Wind chart for FL300 valid at 00:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 46. Wind chart for FL300 valid at 12:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 47. Wind chart for FL300 valid at 18:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 48. Wind chart for FL390 valid at 00:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 49. Wind chart for FL390 valid at 12:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 50. Wind chart for FL390 valid at 18:00 UTC April 23rd of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 51. Wind chart for FL240 valid at 00:00 UTC April 24th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 52. Wind chart for FL240 valid at 12:00 UTC April 24th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 53. Wind chart for FL300 valid at 00:00 UTC April 24th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
 
Appendix                                                                                                                                                                         65 
 
 
Figure 54. Wind chart for FL300 valid at 12:00 UTC April 24th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 55. Wind chart for FL390 valid at 00:00 UTC April 24th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 56. Wind chart for FL390 valid at 12:00 UTC April 24th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 57. Wind chart for FL240 valid at 00:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 58. Wind chart for FL240 valid at 12:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 59. Wind chart for FL240 valid at 18:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 60. Wind chart for FL300 valid at 00:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 61. Wind chart for FL300 valid at 12:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 62. Wind chart for FL300 valid at 18:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 63. Wind chart for FL390 valid at 00:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 64. Wind chart for FL390 valid at 12:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 65. Wind chart for FL390 valid at 18:00 UTC April 29th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 66. Wind chart for FL240 valid at 00:00 UTC April 30th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 67. Wind chart for FL240 valid at 12:00 UTC April 30th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 68. Wind chart for FL300 valid at 00:00 UTC April 30th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 69. Wind chart for FL300 valid at 12:00 UTC April 30th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 70. Wind chart for FL390 valid at 00:00 UTC April 30th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 71. Wind chart for FL390 valid at 12:00 UTC April 30th of 2015. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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2.2. Significant weather charts 
 
 
 
Figure 72. Significant weather chart valid at 00:00 UTC April 23rd of 2015. 
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Figure 73. Significant weather chart valid at 12:00 UTC April 23rd of 2015. 
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Figure 74. Significant weather chart valid at 00:00 UTC April 24th of 2015. 
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Figure 75. Significant weather chart valid at 12:00 UTC April 24th of 2015. 
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Figure 76. Significant weather chart valid at 00:00 UTC April 29th of 2015. 
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Figure 77. Significant weather chart valid at 12:00 UTC April 29th of 2015. 
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Figure 78. Significant weather chart valid at 18:00 UTC April 29th of 2015. 
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Figure 79. Significant weather chart valid at 00:00 UTC April 30th of 2015. 
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Figure 80. Significant weather chart valid at 12:00 UTC April 30th of 2015. 
 
  
92                                               Contrails distribution and variation in Catalonia during the last three years (2014 – 2016) 
 
3. Fabra charts 
 
3.1. Wind charts 
 
 
 
Figure 81. Wind chart for FL240 valid at 00:00 UTC April 7th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 82. Wind chart for FL240 valid at 12:00 UTC April 7th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 83. Wind chart for FL300 valid at 00:00 UTC April 7th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 84. Wind chart for FL300 valid at 12:00 UTC April 7th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 85. Wind chart for FL390 valid at 00:00 UTC April 7th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 86. Wind chart for FL390 valid at 12:00 UTC April 7th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 87. Wind chart for FL240 valid at 00:00 UTC April 12th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 88. Wind chart for FL240 valid at 12:00 UTC April 12th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 89. Wind chart for FL300 valid at 00:00 UTC April 12th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 90. Wind chart for FL300 valid at 12:00 UTC April 12th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 91. Wind chart for FL390 valid at 00:00 UTC April 12th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
 
Appendix                                                                                                                                                                         103 
 
 
Figure 92. Wind chart for FL390 valid at 12:00 UTC April 12th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 93. Wind chart for FL240 valid at 00:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 94. Wind chart for FL240 valid at 12:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 95. Wind chart for FL240 valid at 18:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 96. Wind chart for FL300 valid at 00:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
 
 
108                                               Contrails distribution and variation in Catalonia during the last three years (2014 – 2016) 
 
 
Figure 97. Wind chart for FL300 valid at 12:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 98. Wind chart for FL300 valid at 18:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 99. Wind chart for FL390 valid at 00:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 100. Wind chart for FL390 valid at 12:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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Figure 101. Wind chart for FL390 valid at 18:00 UTC April 16th of 2016. Wind 
speed in knots, Temperature in ºC and unsigned unless positive. 
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3.2. Significant weather charts  
 
 
 
Figure 102. Significant weather chart valid at 00:00 UTC April 7th of 2016. 
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Figure 103. Significant weather chart valid at 12:00 UTC April 7th of 2016. 
 
Appendix                                                                                                                                                                         115 
 
 
Figure 104. Significant weather chart valid at 00:00 UTC April 12th of 2016. 
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Figure 105. Significant weather chart valid at 12:00 UTC April 12th of 2016. 
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Figure 106. Significant weather chart valid at 00:00 UTC April 16th of 2016. 
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Figure 107. Significant weather chart valid at 12:00 UTC April 16th of 2016. 
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Figure 108. Significant weather chart valid at 18:00 UTC April 16th of 2016. 
 
